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A b s t r a c t
The present study was conducted based on a field ex-
periment established on very acidic medium soil (silt loam). The 
experimental design included 4 soil fertilization treatments: O, 
NPK, NPK + MgSO4. 7H2O, NPK + CaO + MgO, and 3 foliar 
feeding treatments: O(H2O), Insol PK + 5% urea solution, Ekosol 
U. The test plant was the oat cultivar ‘Kwant’. The aim of this 
study was to characterize in detail the response of oats to foliar 
feeding under the conditions of different soil fertilization with 
calcium and magnesium compounds. The experimental factors 
applied increased the yield parameters and differentiated the 
nutrient content in oat grain and straw. Soil fertilization had a 
greater effect on the quality parameters of primary yield than the 
foliar fertilizers used in the study. The best production and qual-
ity effects in growing oats were obtained after the application 
of MgSO4 and magnesium lime. Foliar feeding also affected 
beneficially the quantitative and qualitative characteristics of 
the yield. Among the fertilizers used, Insol PK showed a better 
effect than Ekosol U, in particular on the yield structure and the 
amino acid composition of proteins. 
Key words: Avena sativa, foliar application, yield structure,
macronutrients, crude protein, amino acids
INTRODUCTION
The oats acreage in Poland has decreased from 
year to year and in 2012 it was at a level of 543,000 ha 
with an average yield of 2.6 t ha-1. In spite of an increas-
ing trend in oat yields in this area, there is still a large 
growth potential in relation to other Europe’s oat pro-
ducers. Oats is cultivated mainly for fodder purposes. 
Up to 20% of the world production is used in food in-
dustry uses. In our country, for consumption only 3% of 
the oats harvest is used, but this cereal crop is becoming 
more widely used in the production of healthy food, be-
cause it is a valuable source of dietary fiber. One of the 
most important criteria of the value of cereal grains is 
their protein content, since it determines their nutritive, 
feeding and technological values [1].
In addition to the growing qualities, fertiliza-
tion, the basic aim of which is to meet the nutritional 
requirements of the crop plant, is an essential element 
of agricultural technology that determines the quantity 
and quality of final yield. Apart from basic nutrients 
(NPK), other elements showing yield-increasing ef-
fects, which include Mg, S and micronutrients, are 
also used more and more frequently in fertilization un-
der intensive plant production conditions [1, 2, 3, 4]. 
Plants take up nutrients mainly from the soil through 
the root system, but foliar application of nutrients has 
been gaining an increasing importance in recent years. 
For this purpose, an aqueous solution of urea or liquid, 
suspension or crystalline compound fertilizers are used 
to prepare solutions. These solutions are able to pen-
etrate across the cuticle layer through the ectodesmata 
which are mainly located near the xylem and phloem 
bundles.
A major advantage of foliar feeding of plants is 
the speed of action and a high level of use of nutrients 
supplied [5, 6, 7]. Foliar applied nutrients are better 
used by plants compared to conventional soil applica-
tion [8, 9, 10]. Foliar fertilizers can be used in combi-
nation with other agrochemicals [11], if only there are 
no manufacturer’s contraindications and economic rea-
sons and higher effectiveness of agents applied speak 
for that [12, 13]. Foliar feeding of plants belongs to the 
most effective and at the same time most environmen-
tally beneficial fertilization techniques [14, 15, 16].
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The aim of the present study was to determine 
the effects of foliar feeding under the conditions of dif-
ferent soil fertilization with calcium and magnesium 
compounds on oat yield and quality.
MATERIALS AND METHODS
This study was carried out based on a three-
year field experiment on medium soil with a pH of 
4.2 in 1 mole KCl. dm-3 and with the granulometric 
composition of silt loam in Rudnik (50o53’23.9912”N 
22o57’59.8938”E). This soil was characterized by a low 
content of available phosphorus and potassium as well 
as a very low content of sulfur and magnesium.
The experiment was conducted using a rand-
omized block design in 3 replicates according to the 
following protocol: 1). Control treatment (spraying with 
water); 2). Insol PK + 5% urea solution; 3). Ekosol U, 
relative to 4 soil fertilization treatments: 1). Control 
treatment (without fertilization); 2). NPK; 3). NPK + 
MgSO4. 7H2O; 4). NPK + CaO + MgO, in 3 replicates.
In 48 m2 plots in which the oat cultivar ‘Kwant’ 
was grown, mineral fertilization was used at a rate of 
90 kg N × ha-1, 38 kg × P ha-1, 108 kg K × ha-1 in the 
form of Polifoska 6–20–30 and ammonium nitrate as 
well as every year before sowing magnesium was ap-
plied at a rate of 19 kg Mg × ha-1. Magnesium oxide 
lime was used in the first year of the experiment im-
mediately after harvest of the previous crop according 
to single hydrolytic acidity. Foliar feeding was used 
3 times during the growth period of oats at the stages 
of tillering, stem elongation and panicle emergence. 
In the treatments where plants were fed with Insol PK 
with the addition of urea, the rate of soil-applied ni-
trogen was reduced by 20.7 kg N × ha-1, since such 
an amount of this nutrient was supplied to the foliage 
using the spray liquid in the form of 5% urea solution. 
In each soil fertilization treatment, the foliar fertilizers 
were used at the following rates: Insol PK – 6 dm3. 300 
dm-3. ha-1 and Ekosol U – 2 dm3. 300 dm-3. ha-1. Insol 
PK contained (%): P – 4.4; K – 15.8, whereas Ekosol 
U contained (%): N – 15; P – 2.2; K – 2.7; Na – 0.15; 
B – 0.01; Cu – 0.012; Fe – 0.012; Mn – 0.017; Mo – 
0.002, Zn – 0.1. 
After the plants were harvested, grain and straw 
yield were determined. Qualitative evaluation includes 
the following basic yield components: grain weight per 
panicle, number of panicles × m-2, 1000 grain weight, 
number of grains per panicle. These traits were deter-
mined based on samples collected from 1 m2 in 3 repli-
cates and subsequently the material obtained was used 
to prepare samples for laboratory analysis.
After mineralization in concentrated sulfuric 
acid with the addition of hydrogen peroxide, the fol-
lowing were determined in oat grain and straw: total 
N by the Kjeldahl method, K, Ca and Mg by AAS on 
a Hitachi Z-8200 polarized Zeeman atomic absorption 
spectrophotometer, P colorimetrically by the vanadi-
um-molybdate method using a Cecil 2011 colorimeter. 
Total sulfur was determined according to B u t t e r s -
C h e n e r y  [17]. The removal of macronutrients was 
calculated as the sum of a given nutrient in primary 
yield and straw based on the nutrient content in these 
organs. The qualitative evaluation of the yield showed 
the K : (Ca + Mg) mole ratios and N : S mass ratios, 
total protein content (N x 6.25), protein yield, and the 
amino acid composition of proteins. The grain amino 
acid content was determined by column chromatogra-
phy using an Aminochrom II amino acid analyzer af-
ter hydrolysis in 6M HCl at 110oC for 20 h according 
to the D a v i e s  and T h o m a s  method [18]. Sulfur 
amino acids were determined according to Schramm 
and Moor method [19]. 
The total sum of amino acids, the sum of en-
dogenous and exogenous amino acids as well as the 
limiting amino acid score for lysine, isoleucine and 
tryptophan were calculated. The limiting amino acid 
score (Chemical Score – CS) expresses the ratio of the 
exogenous limiting amino acid content in the tested 
protein to the content of this amino acid in the egg ref-
erence protein (WE). 
The obtained results were evaluated by two-
way analysis of variance and presented as means for 
the 3-year study period (1999–2001). Means were ana-
lyzed by Tukey’s multiple comparisons at a signifi-
cance level of 0.05.
RESULTS
Yield potential
The experimental factors used differentiated the 
grain and straw yield as well as the basic yield com-
ponents (Table 1). The foliar fertilizers increased the 
yield and basic yield components compared to the 
control treatment and only the variation in 1000 grain 
weight was below the level of significance. Out of 
the two fertilizers used in the study, Insol PK showed
a better effect on the grain yield than Ekosol U, mostly 
by increasing the number of panicles × m-2, number of 
kernels per panicle, and number of spikelets per pani-
cle. The particular soil fertilization treatments also dif-
ferentiated the yield and yield components. The grain 
and straw yield, 1000 grain weight and number of 
panicles had the highest values after the application of 
NPK with CaO + MgO in fertilization, whereas mag-
nesium sulfate MgSO4 had a beneficial effect on the 
number of spikelets and number of grains per panicle. 
The interaction of soil fertilization and foliar feeding 
had a significant impact on the straw yield and number 
of grains per panicle.
A study on the effects of foliar feeding under different soil fertilization conditions on the yield structure and quality... 111
© The Author(s) 2014      Published by Polish Botanical Society
Table 1
Grain and straw yield as well as the yield structure of foliar fertilized oats under different soil fertilization conditions
Foliar fertilizer
(A)
Soil fertilization
(B)
Grain
yield
Straw
yield
Thousand 
grains weight 
Number of 
panicles
Number of 
spikelets per 
panicle
Number of 
grains per 
panicle
[t × ha-1] [t × ha-1] [g] [pcs per square metre] [pcs] [pcs]
H2O 3,47 5,03 29,67 348,41 21,97 31,54
Insol PK Control 3,75 5,65 30,71 387,50 24,53 35,27
Ekosol U 3,61 6,09 29,78 355,75 23,03 33,48
H2O 4,49 6,23 30,66 436,41 26,72 40,86
Insol PK NPK 5,38 7,89 31,19 441,58 28,33 42,20
Ekosol U 5,27 7,78 31,42 423,33 27,46 39,65
H2O 4,86 6,79 30,42 429,58 28,16 41,62
Insol PK NPK + MgSO4 5,63 7,81 30,15 445,91 31,41 47,50
Ekosol U 5,52 7,91 30,31 424,66 29,16 41,44
H2O 5,15 7,16 31,11 423,66 27,05 41,81
Insol PK NPK + CaO + MgO 6,04 8,79 32,14 457,16 28,79 43,73
Ekosol U 5,53 7,79 32,66 427,33 28,86 43,75
LSD0,05 for (AxB) n.s. 1,09 n.s. n.s. n.s. 4,64
Control 3,61 5,59 30,05 363,89 23,18 33,43
Mean NPK 5,05 7,30 31,09 433,77 27,50 40,90
NPK + MgSO4 5,34 7,50 30,29 433,38 29,58 43,52
NPK + CaO + MgO 5,58 7,91 31,97 436,05 28,23 43,10
LSD0,05 for B 0,33 0,49 1,03 22,82 1,19 2,09
H2O 4,49 6,30 30,46 409,52 25,98 38,96
Insol PK Mean 5,20 7,53 31,05 433,04 28,26 42,17
Ekosol U 4,98 7,39 31,04 407,77 27,13 39,58
LSD0,05 for A 0,26 0,39 n.s. 18,04 0,93 1,65
The mineral composition of oat
The fertilization treatments used significantly 
affected the macronutrient content in oat grain (Tab-
le 2). Ekosol U caused an increase in phosphorus con-
tent, while Insol PK increased the calcium content. Both 
Insol PK and Ekosol U decreased the sulfur content in 
oat grain. The nitrogen content was significantly higher 
in the analyzed samples collected from the plots in all 
soil fertilization treatments in relation to the control. 
Fertilization with the addition of CaO + MgO 
to the fertilizer dose significantly increased the cal-
cium content compared to the other soil fertilization 
treatments. The lowest magnesium content in grain 
was found in the basic fertilization treatment (NPK), 
whereas the highest content of S and K as well as the 
lowest P content were obtained in the treatment with 
MgSO4.
Deacidification of soil also significantly in-
creased the sulfur content compared to the control and 
basic fertilization treatments. The highest N content in 
grain, P and Mg content in grain and straw as well as 
Ca content in grain were obtained in this fertilization 
treatment. The interaction of soil fertilization and fo-
liar feeding had a significant effect only on the sulfur 
content in oat grain. 
The foliar fertilizers used caused a significant 
increase in the contents of macronutrients determined 
in straw (Table 3). Compared to the control treatment, 
only the potassium content was significantly lower 
than in the treatment with Ekosol U. 
The nitrogen and potassium content in straw was 
higher in all soil fertilization treatments. A significantly 
higher content of phosphorus was found after the appli-
cation of NPK + CaO + MgO, while a higher magnesi-
um content was found in the treatments where this com-
ponent was added to the fertilizer dose. All soil fertili-
zation treatments increased the sulfur content in straw, 
which reached the highest content in the treatment with 
NPK + MgSO4. The interaction of the treatments used 
in the study significantly affected the contents of all 
macronutrients analyzed in straw. Feeding plants with 
Insol PK resulted in the highest removal of all macro-
nutrients relative to the lowest values of this indicator in 
the control treatment (Table 4).
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Table 2
Macronutrient content in oat grain after application of foliar feeding under different soil fertilization conditions
Foliar fertilizer (A) Soil fertilization (B)
N P K Ca Mg S
[g × kg-1]
H2O 13.79 2.64 4.66 0.69 1.11 0.99
Insol PK Control 15.04 2.77 4.38 0.75 1.15 1.00
Ekosol U 14.89 2.99 4.45 0.65 1.20 0.84
H2O 16.53 2.58 4.18 0.61 0.99 1.21
Insol PK NPK 16.32 2.74 4.70 0.77 1.07 1.02
Ekosol U 16.06 2.86 4.15 0.65 1.11 0.95
H2O 16.38 2.64 4.59 0.71 1.15 1.90
Insol PK NPK + MgSO4 16.81 2.70 4.58 0.74 1.11 1.29
Ekosol U 16.13 2.82 4.30 0.74 1.15 1.39
H2O 17.22 2.78 4.56 0.77 1.20 1.19
Insol PK NPK + CaO + MgO 16.17 2.87 4.50 0.91 1.14 1.06
Ekosol U 17.92 3.07 4.17 0.86 1.19 1.20
LSD0,05 for (AxB) n.s. n.s. n.s. n.s. n.s. 0,22
Control 14.58 2.80 4.49 0.70 1.15 0.94
Mean NPK 16.30 2.73 4.34 0.68 1.05 1.06
NPK + MgSO4 16.44 2.72 4.49 0.73 1.14 1.53
NPK + CaO + MgO 17.10 2.91 4.41 0.85 1.18 1.15
LSD0,05 for B 0,97 n.s. n.s. 0,07 0,1 0,10
H2O 15.98 2.66 4.50 0.69 1.11 1.32
Insol PK Mean 16.08 2.77 4.54 0.79 1.12 1.09
Ekosol U 16.25 2.93 4.27 0.72 1.16 1.10
LSD0,05 for A n.s. 0,20 n.s. 0,06 n.s. 0,08
Table 3
Macronutrient content in oat straw after application of foliar feeding under different soil fertilization conditions 
Foliar fertilizer (A) Soil fertilization (B)
N P K Ca Mg S
[g × kg-1]
H2O 4.64 0.63 16.77 2.58 0.52 0.47
Insol PK Control 3.93 0.68 17.02 3.65 0.80 0.66
Ekosol U 4.20 0.68 14.73 4.02 0.58 0.65
H2O 9.35 0.54 18.66 2.69 0.61 0.74
Insol PK NPK 2.87 0.78 18.28 3.64 0.66 0.82
Ekosol U 4.37 0.68 16.62 3.87 0.70 0.80
H2O 8.32 0.66 17.20 2.56 0.78 0.97
Insol PK NPK + MgSO4 3.13 0.61 19.08 3.40 0.79 1.35
Ekosol U 4.44 0.75 17.36 3.79 0.92 1.21
H2O 7.78 0.78 17.81 3.13 1.07 0.65
Insol PK NPK + CaO + MgO 3.34 0.91 17.23 5.90 1.11 0.60
Ekosol U 5.02 1.07 17.16 4.11 0.90 0.50
LSD0,05 for (AxB) 1,23 0,11 1,94 1,06 0,13 0,09
Control 4.26 0.66 16.17 3.42 0.63 0.59
Mean NPK 5.53 0.67 17.85 3.40 0.66 0.79
NPK + MgSO4 5.30 0.67 17.88 3.25 0.83 1.18
NPK + CaO + MgO 5.38 0.92 17.40 3.38 1.03 0.58
LSD0,05 for B 0,55 0,05 0,87 n.s. 0,06 0,04
H2O 4.77 0.65 17.61 2.74 0.74 0.71
Insol PK Mean 5.37 0.75 17.90 4.15 0.84 0.86
Ekosol U 5.21 0.79 16.47 3.95 0.78 0.80
LSD0,05 for A 0,43 0,04 0,69 0,37 0,05 0,03
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Table 4
Removal of macronutrient after application of foliar feeding of oats under different soil fertilization conditions
Foliar fertilizer (A) Soil fertilization (B)
N P K Ca Mg S
[kg × ha-1]
H2O 64,26 12,00 100,02 15,35 6,39 5,66
Insol PK Control 85,73 14,05 134,59 23,50 8,64 7,36
Ekosol U 79,49 14,93 128,66 27,29 7,91 8,49
H2O 107,63 15,06 173,71 19,57 8,23 10,03
Insol PK NPK 129,88 20,81 204,36 32,50 10,59 11,72
Ekosol U 124,78 20,09 174,21 33,42 11,21 11,18
H2O 110,24 17,78 168,19 20,37 10,78 15,80
Insol PK NPK + MgSO4 131,08 19,92 200,57 29,18 11,93 13,38
Ekosol U 132,30 21,11 186,17 31,07 13,41 16,97
H2O 124,78 20,29 151,76 26,13 13,90 10,72
Insol PK NPK + CaO + MgO 141,74 25,23 211,02 55,85 16,03 11,69
Ekosol U 139,26 25,00 156,54 35,94 13,34 10,36
LSD0,05 for (AxB) 23.32 3.95 39,64 5,90 2,12 2,54
Control 76,49 13,66 121,08 22,04 7,64 7,17
Mean NPK 120,76 18,65 184,09 28,50 10,01 10,97
NPK + MgSO4 124,54 19,60 184,98 26,87 12,04 16,72
NPK + CaO + MgO 135,27 23,51 173,11 39,31 14,42 10,92
LSD0,05 for B 10.47 1.77 17,80 2,65 0,95 1,14
H2O 101,73 16,28 148,42 20,35 9,82 10,55
Insol PK Mean 122,11 20,00 187,64 35,26 11,80 12,04
Ekosol U 118,96 20,28 161,39 31,93 11,47 11,75
LSD0,05 for A 8.24 1.40 14,01 2,08 0,75 0,90
The lowest values of nutrient removal, signifi-
cantly differing from the other soil fertilization treat-
ments, were found in the control treatment without 
fertilization. The highest macronutrient contents were 
generally observed in samples from the treatment with 
NPK + CaO + MgO, and only the amounts of potas-
sium and sulfur were highest after the application of 
NPK + MgSO4. The interaction of foliar feeding and 
soil fertilization had a significant effect on the removal 
of all nutrients analyzed in the study. 
Yield quality parameters
In the present study, foliar feeding practices 
were of little importance for differentiating the protein 
content in oat grain compared to the soil fertilization 
treatments used and this trait had the highest value 
in the treatment with NPK + CaO + MgO (Table 5). 
Among the foliar fertilizers used, Insol PK increased 
the protein yield by 16.5 %, while Ekosol U by 12.8%. 
Such a high increase in protein yield results from the 
beneficial effects of the foliar fertilizers used not only 
on the oat grain yield, but also on the grain protein con-
tent. Soil fertilization also had a greater influence on the 
protein yield than the foliar fertilizers, since all its treat-
ments increased the protein yield compared to the con-
trol, with the highest value in the treatment with NPK 
+ CaO +MgO (Table 5). The value of the K : (Ca+Mg) 
ratio in straw was in the optimal range (1.6–2.1 : 1) in 
all soil fertilization and foliar feeding treatments; this 
range was minimally exceeded in the treatment with 
water spraying. The value of the K : (Ca+Mg) ratio 
in grain, much lower from the minimum value (1.6), 
does not result from a disturbance in the balance be-
tween these nutrients but from a naturally low content 
of potassium in the generative organs which contain re-
serve substances. The use of foliar fertilizers caused the
N : S ratio in grain to widen, whereas among the soil 
fertilization treatments only NPK + MgSO4 distinctly 
decreased the N : S ratio (Table 5).
Insol PK increased the content of endogenous 
and exogenous amino acids and beneficially affected 
the value of the quality parameter calculated for tryp-
tophan (Table 6). After the application of Ekosol U, 
the endogenous amino acid content was at the level 
found in the control treatment and the proportion of 
exogenous amino acids (E/T) increased, but Ekosol U 
decreased the value of this quality parameter for ly-
sine. A higher value of valine and histidine compared 
to the reference was found under the influence of Insol 
PK application.
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Table 5
Quality parameters of oat after application of foliar feeding under different soil fertilization conditions
Foliar fertilizer
(A)
Soil fertilization
(B)
Total protein (N × 6,25) Protein yield K/Ca + Mg
in grain
K/Ca + Mg
in straw
N/S
in grain
N/S
in straw[g × kg-1] [kg × ha-1]
H2O 86,21 289,88 6,67 11,30 13,9 9,9
Insol PK Control 94,02 353,68 5,90 8,03 15,0 6,0
Ekosol U 93,06 335,94 6,30 6,57 17,7 6,5
H2O 103,29 462,20 6,73 11,90 13,7 12,6
Insol PK NPK 102,00 537,62 6,46 8,83 16,0 3,5
Ekosol U 100,38 518,31 6,12 7,55 16,9 5,5
H2O 101,86 489,95 6,36 11,06 8,6 8,6
Insol PK NPK + MgSO4 105,04 568,85 6,32 9,60 13,0 2,3
Ekosol U 100,79 545,36 5,83 7,79 11,6 3,7
H2O 107,61 551,47 5,94 9,19 14,5 12,0
Insol PK NPK + CaO + MgO 101,08 585,00 5,48 5,11 15,2 5,6
Ekosol U 112,00 605,87 5,14 7,19 14,9 10,0
LSD0,05 for (AxB) 13,46 113,24. - - - -
Control 91,10 326,51 6,26 8,30 15,5 7,2
Mean NPK 101,89 506,00 6,43 9,16 15,4 7,0
NPK + MgSO4 102,57 534,72 6,16 9,29 10,7 4,5
NPK + CaO + MgO 106,90 580,78 5,49 8,48 14,9 9,3
LSD0,05 for B 6,04 n.s - - - -
H2O 99,74 448,37 6,44 10,77 12,1 6,7
Insol PK Mean 100,54 511,29 6,03 7,49 14,7 6,2
Ekosol U 101,56 501,37 5,85 7,26 14,8 6,5
LSD0,05 for A 4,76 n.s. - - - -
Table 6
Effect of foliar feeding on the amino acid composition of oat grain protein 
Amino acid H2O Insol PK Ekosol U WE – whole egg protein standards
Non-essential amino acids g/100 g protein
Asp 7,3 8,2 6,8
Ser 4,4 5,0 4,5
Glu 18,4 22,4 17,9
Gly 4,7 6,1 4,9
Ala 4,6 5,5 4,9
Tyr 2,5 2,8 3,0
Cys 2,7 2,9 2,7
Σ 44,6 52,9 44,7
Essential amino acids g/100 g protein
Met + Cys 4,1 4,4 4,1 5,7
Phe + Tyr 7,2 7,6 7,8 9,3
Val 5,1 7,1 6,5 6,6
Ile 3,3 3,8 3,8 5,4
Leu 6,6 7,0 6,7 8,6
Phe 4,7 4,8 4,8
Lys 4,1 4,1 3, 7,0
His 3,0 2,5 2,1 2,2
Arg 4,7 5,0 4,9
Met 1,4 1,5 1,4
Trp 0,6 0,7 0,6 1,7
Thr 3,1 3,6 3,1 4,7
Σ 36,6 40,1 37,5
Σ AA 81,2 93,0 82,2
E/T 45,1 43,1 45,6
CS (WE)Trp 35,3 41,2 35,3
CS (WE)Lys 58,6 58,6 51,4
CS (WE)Ile 61,1 70,4 70,4
AA – total amino acid; E/T – essential amino acid participation; CS – chemical score of restrictive amino acid; WE – whole egg protein standards
A study on the effects of foliar feeding under different soil fertilization conditions on the yield structure and quality... 115
© The Author(s) 2014      Published by Polish Botanical Society
Relative to the control treatment, soil fertilization 
caused a decrease in the proportion of exogenous ami-
no acids in protein. The application of NPK + MgSO4 
and NPK + CaO +MgO in soil fertilization contributed 
to obtaining the highest contents of endogenous and 
exogenous amino acids after the application of NPK + 
CaO +MgO fertilization (Table 7). When NPK + CaO 
+ MgO fertilization was used, a higher content of va-
line compared to the reference and the highest value of 
the quality parameter for lysine were obtained. A de-
crease in isoleucine was found in the treatments NPK 
+ MgSO4 and NPK + CaO +MgO, whereas the highest 
content of this component was obtained in the basic soil 
fertilization treatment (NPK). In the treatment NPK + 
MgSO4, the highest content of sulfur amino acids was 
found.
Table 7
Effect of soil fertilization on the amino acid composition of oat grain protein
Amino acid Control NPK NPK + MgSO4 NPK + CaO i MgO WE – whole egg protein standards
Non-essential amino acids g/100g protein
 Asp 6,5 7,2 8,5 7,3
Ser 4,3 4,5 5,0 4,7
Glu 17,9 18,7 21,0 20,7
Gly 4,7 4,9 5,6 5,8
Ala 4,3 4,7 5,3 5,5
Tyr 2,8 2,8 2,4 2,9
Cys 2,8 2,7 2,8 2,7
Σ 43,3 45,5 50,6 49,6
Essential amino acids g/100g protein
Met + Cys 4,1 4,0 4,3 4,2 5,7
Phe + Tyr 7,6 7,3 7,0 8,0 9,3
Val 6,0 6,3 5,7 6,9 6,6
Ile 3,9 4,3 3,1 3,4 5,4
Leu 6,6 7,0 6,8 6,7 8,6
Phe 4,8 4,5 4,6 5,1
Lys 3,7 3,9 3,9 4,2 7,0
His 2,5 2,6 2,4 2,5 2,2
Arg 5,0 4,4 5,1 4,8
Met 1,3 1,3 1,5 1,5
Trp 0,6 0,6 0,7 0,7 1,7
Thr 3,0 3,2 3,5 3,4 4,7
Σ 37,4 38,1 37,3 39,2
Σ AA 80,7 83,6 87,9 88,8
E/T 46,3 45,6 42,4 44,1
CS (WE)Trp 35,3 35,3 41,2 41,2
CS (WE)Lys 52,8 55,7 55,7 60,0
CS (WE)Ile 72,2 79,6 57,4 63,0
AA – total amino acid; E/T – essential amino acid participation; CS – chemical score of restrictive amino acid; WE – 
whole egg protein standards
DISCUSSION
Yield potential
Numerous studies show the beneficial effect 
of foliar application of nutrients on the yield of crop 
plants and their quality parameters [1, 2, 20]. The fo-
liar fertilizers used in the present research increased 
the grain and straw yield, which is confirmed by other 
studies [20, 21]. The variation in the oat grain yield 
components was more dependent on soil fertilization 
used than on foliar feeding of plants. The oat belongs 
to plants that tolerate a high degree of soil acidifica-
tion, but it responds favorably to liming of very acidic 
soils [22]. Furthermore, it should be noted that magne-
sium lime was used in this study, which increased the 
beneficial effect of soil deacidification, since oats have 
higher requirements for this nutrient than other cereals 
[22, 23]. 
The mineral composition
Foliar feeding influenced the macronutrient con-
tent in oat grain to a lesser extent than soil fertilization. 
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This was related to the greater stability of the mineral 
composition of the generative organs, which mainly ac-
cumulate reserve materials in the form of organic com-
pounds poor in potassium, unlike the vegetative parts, 
as well as to the small amount of nutrients supplied with 
the foliar fertilizers. The variation in the content of N, P 
and Ca in oat grain was not associated only with their 
penetration through the aerial part, but it also resulted 
from their higher uptake from the soil. The research us-
ing combinations of foliar fertilizers has shown their 
beneficial effects on increasing the rate of uptake and 
use of nutrients from the substrate [2, 24]. The activa-
tion of physiological processes such as photosynthesis, 
transpiration and respiration as a result of foliar supplied 
nutrients causes an increased demand of plant biomass 
for soil nutrients [25, 26]. A rise in the transpiration rate 
also increases nutrient uptake by increasing the suction 
force of the roots and the speed of movement of ions 
transported through the conductive tissues, while the 
respiration of plants is a source of energy necessary for 
transporting ions taken up by the root system [27, 28, 
29].
Foliar feeding differentiated to a greater extent 
the macronutrient content in straw than in oat grain – 
similar correlations have been found in other studies 
[24, 30]. 
The used soil fertilization treatments differen-
tiated the content of N, Ca, Mg and S in grain. Fer-
tilization with the addition of MgSO4 to the fertilizer 
dose increased the sulfur content in grain and straw, 
but decreased the P content in oat grain, which is in 
agreement with other results [31, 32]. The highest to-
tal S content in grain and straw was obtained in the 
treatment with MgSO4 in the fertilizer mix, which has 
been shown in other studies [31, 33]. Sulfur deficiency 
in the soil results in a disturbance in basic physiologi-
cal processes of the plant, primarily by reducing the 
photosynthesis rate, protein synthesis and nucleic acid 
content [34]. A higher content of K, Ca and Mg in the 
treatment with S use in fertilization, compared to basic 
NPK fertilization, should be explained by the syner-
gism of these cations in relation to SO42- anions taken 
up by the plant [32, 35, 36, 37]. The lower N content 
in this fertilization treatment was associated with the 
antagonistic effects of SO42- ions in relation to NO3- 
ions [31].
The increase in the content of N, Ca, Mg and 
S as affected by liming results from the conversion of 
these nutrients into available forms, because liming 
of acidic soils increases the soil availability of macro-
nutrients and improves their use by crop plants [22]. 
K o z ł o w s k a  [31] also showed an increase in Ca 
and Mg content in oat grain and straw after the ap-
plication of CaCO3. Apart from N, Ca and Mg, liming 
also increased the content of P in straw, the availability 
of which is limited under acidic soil pH conditions due 
to its binding to Al3+ and Fe3+ ions in the form of spar-
ingly soluble compounds [38]. 
As a result of foliar feeding with Insol PK, the 
highest values of nutrient removal were found for all 
nutrients analyzed in primary and secondary yield. 
Other studies also indicate higher nutrient removal as 
influenced by foliar feeding of plants [2, 24]. On the 
other hand, the highest removal of N, P, Ca and Mg was 
obtained in the liming treatment, since the availability 
of these nutrients increases with decreased soil acidity.
Yield quality parameters
Numerous studies have shown a beneficial ef-
fect of foliar application of micronutrients as well as 
of N and Mg among macronutrients on protein yield
[1, 2], but in the present study the increase in protein 
content as affected by foliar feeding was below the 
level of significance. The protein yield was more as-
sociated with the influence of foliar fertilizers on the 
grain yield than on the protein content in oat grain.
The N : S ratio in grain was in the optimal range 
of 10–15 :1 [39, 40, 41]. Its higher values in the treat-
ments poor in sulfur resulted from the lack of possibil-
ity to transfer SO42- ions from the older vegetative or-
gans of the plant to the younger developing generative 
organs [42]. The K : (Ca+Mg) ratio was in the optimal 
range. Among the fertilization factors applied, foliar 
feeding narrowed the values of the K : (Ca+Mg) ratio 
in oat grain and straw, while the soil fertilization treat-
ments used widened its value compared to the control 
treatment.
A valued property of oat protein is its high level 
of exogenous amino acids with a stable amino acid 
composition, regardless of its content in grain [43, 44]. 
According to the literature reports, isoleucine can be 
considered to be an amino acid that reduces the nutri-
tional value of cereal protein [45, 46, 47], but in the 
present study lower values were found for lysine and 
tryptophan, aside from isoleucine. Despite that soil 
fertilization had a greater impact on the yield quality 
parameters than foliar fertilizers, foliar feeding should 
also be considered to be an agronomic practice that 
beneficially affects the amino acid composition of pro-
tein in oat grain. 
CONCLUSIONS
1. Foliar feeding and soil fertilization increased the 
grain and straw yield of oat and had a beneficial 
effect on the yield components, but use of foliar 
fertilizers slightly differentiated the macronutrient 
content in oat grain.
2. Feeding oat plants with Insol PK resulted in the 
highest removal of all macronutrients analyzed, but 
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the differences were small in relation to the treat-
ment with Ekosol U application, where as highest 
removal of N, P, Ca, and Mg was found under the 
influence of liming, while the treatment with the 
use of MgSO4 had the greatest effect on the remov-
al of K and S.
3. The foliar fertilizers showed a similar and small ef-
fect on the basic quality parameters of oat, but a by 
far higher yield of protein was obtained under the 
influence of Insol PK.
4. Soil fertilization exerted a greater effect on the 
quality parameters of oat than foliar feeding. The 
highest protein content and yield were found in the 
liming treatment.
5. Foliar feeding beneficially affected the biological 
value of protein; among the fertilizers used, Insol 
PK increased the values of CS, whereas Ekosol U 
the proportion of exogenous amino acids.
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Badanie wpływu dolistnego dokarmiania
w warunkach zróżnicowanego
nawożenia doglebowego na strukturę plonu
i jakość owsa zwyczajnego (Avena sativa L.) 
S t r e s z c z e n i e
Badania przeprowadzono w oparciu o doświad-
czenie polowe, założone na glebie średniej (pył glinia-
sty), bardzo kwaśnej. Schemat doświadczenia obejmo-
wał 4 warianty nawożenia doglebowego: O, NPK, NPK 
+ MgSO4 × 7H2O, NPK + CaO + MgO oraz 3 obiekty 
dokarmiania dolistnego: O(H2O), Insol PK + 5% roztwór 
mocznika, Ekosol U. Rośliną testową był owies odmia-
ny ‘Kwant’. Celem badań była szczegółowa charak-
terystyka reakcji owsa na dolistne dokarmianie w wa-
runkach zróżnicowanych wariantów nawożenia gleby 
związkami wapnia i magnezu. Zastosowane czynniki 
doświadczenia zwiększały wskaźniki plonowania oraz 
różnicowały zawartość składników w ziarnie i słomie 
owsa. Nawożenie doglebowe w większym stopniu 
kształtowało parametry jakościowe plonu głównego 
niż stosowane w badaniach nawozy dolistne. Najlepsze 
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efekty produkcyjne i jakościowe w uprawie owsa uzy-
skano po zastosowaniu MgSO4 i wapna magnezowego. 
Dolistne dokarmianie również korzystnie wpłynęło na 
cechy ilościowe i jakościowe plonu. Z zastosowanych 
nawozów Insol PK wykazywał lepsze działanie niż 
Ekosol U, szczególnie w kształtowaniu struktury plonu
i składu aminokwasowego białka.
Handling Editor: Elżbieta Weryszko-Chmielewska
This is an Open Access digital version of the article distributed under the terms of the Creative Commons Attribution 3.0 License 
(creativecommons.org/licenses/by/3.0/), which permits redistribution, commercial and non-commercial, provided that the article is 
properly cited.
©The Author(s) 2014 Published by Polish Botanical Society
